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Abstract— Estimation of groundwater recharge is essential for efficient groundwater resources management, for domestic uses and 
irrigation purposes in the study area. The present research entails the assessment of natural groundwater recharge in Terengganu 
Malaysia. Estimation of recharge by whatever method is usually subjected to a large uncertaintyand errors. However, this research 
attempt to derive an empirical relationship to determine the groundwater recharge from rainfall based on seasonal groundwater 
balance studies using the data obtained from 2000-2001 to 2011-2012. This empirical relationship similar to Chaturvedi formula was 
derived by fitting the estimated values of rainfall recharge, and the corresponding values of rainfall in the monsoon season through 
the non-linear regression techniques. The result shows that the proportion of variance explained was found to be 89.52 %, the 
recharge of groundwater commences at P = 15.28 inches and the relative errors was found to range from 3.680 to 46.020%. 
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I. INTRODUCTION 
Groundwater is vital natural resources to human activities 
which are extracted from the ground. The amount of water 
extracted without causing depletion in groundwater, depend 
upon the nature of the aquifer and the groundwater recharge. 
Thus, a quantitative measurement of space and time for 
groundwater recharge is a pre-requisite for the operating 
groundwater resources system. Rainfall is the fundamental 
source of groundwater recharge, the amount of recharge 
depends upon the nature of rainfall, the duration it takes, the 
nature of the soil, the antecedent soil moisture and usually 
the depth to the water table. When rain falls, the amount of 
water moves as moisture in the unsaturated zone which was 
controlled by suction pressure, hydraulic conductivity, 
moisture content and gravity will fill the saturated zone after 
passing the water table is termed as “groundwater recharge”. 
Recharge has been defined as the process of addition of 
water to the saturated zone. 
It is very important to determine the rate of aquifer 
replenishment but is the most difficult task to measure 
without a number of errors. Recharge estimation has no 
reliable techniques that will lead to the accurate results, but 
it can be based on a wide variety of models which are 
designed to represent the actual physical processes. The 
most common methods use for estimation of natural 
groundwater recharge include groundwater balance method, 
soil water balance method, zero flux plane method, one-
dimensional soil water flow model, and inverse modeling 
techniques and isotopes and solute profile techniques [1]-[4]. 
In Malaysia, rainfall is the most reliable source for 
groundwater recharge. The most commonly used methods 
for estimation of natural groundwater recharge in Malaysia 
are Chloride Mass Balance (CMB), empirical method and 
groundwater level fluctuation method. According to the 
studies carried out by different scientists and organizations 
in some part of the country, including the neighboring state 
of the study area (Kelantan) derived a correlation for 
groundwater level fluctuation and rainfall, some empirical 
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relationship has been derived for computation of natural 
recharge to groundwater from rainfall [5], [6]. 
In [1] assessed the natural groundwater in Upper Ganga 
Canal command area. An empirical relationship was used to 
determine groundwater recharge from rainfall in the study 
area based on the seasonal groundwater balance study 
carried out for a number of years. In [6] estimate 
groundwater recharge using empirical method in the tropical 
zone (Selangor, Malaysia), in which the groundwater 
recharge coefficient and effective rainfall were determined. 
The results showed that groundwater recharge was 
326.39mm per year, and recharge coefficient was found to 
be 18% of the study area. 
In [7] used Chlorine Mass Balance to estimate the natural 
groundwater recharge in the North Kelantan River 
catchment. The result illustrated that estimate of deep 
percolation using a CMB method range from 17% to 30% of 
precipitation (between 475 and 769 mm/yr.) in the study area 
[6]. However, to the best of the author’s knowledge, there is 
no similar work carried out in Terengganu Malaysia. In this 
paper, an attempt has been made to assess and derived an 
empirical relationship to determine groundwater recharge 
from rainfall in Terengganu, Malaysia based upon seasonal 
groundwater balance study carried out for a year 2000-2001 
to 2011-2012. 
II. MATERIAL AND METHOD 
A. Study Area 
Terengganu is a state of Malaysia. It is situated in the 
coordinate 4 ͦ 45' N latitude and 103 ͦ0' E longitude, which is 
located in the north-eastern of Peninsula Malaysia. 
Terengganu is bordered on the northwest by Kelantan, the 
southwest by Pahang and the east by the South China Sea. 
The state has a total area of 13,035km2 (5,033 sq. mi) and 
the total population of 1,015,776 as for the 2010 census with 
a density of 78km2 (200/sq. mi) [8], [9]. 
Climatically, like the other states of the country, 
Terengganu has a tropical monsoon climate which is 
generally fairly hot and humid all year around. The 
temperature is relatively uniform within the range of 21 ͦ C to 
32 ͦC throughout the year. During the months of January to 
April, the weather is generally dry and warm. Humidity is 
consistently high which approximately 80% of daytime and 
slightly cooler after sunset. Nevertheless, the sea breeze 
from the South China Sea has somehow moderating the 
humidity in offshore areas, while altitude and lush forest 
trees and plants has cooled the mountain and rural areas.  
Terengganu has characterized by two main types of 
monsoon, the southwest monsoon season, which is usually 
established in the latter half of May or early June and end in 
September. The northeast monsoon, which usually starts in 
November and end in March. Terengganu receives heavy 
rainfall of approximately between 2034mm to 2504mm per 
year, which can easily break the bank of the rivers and cause 
overbank discharge. When the northeast monsoon blows 
between Novembers to January, some areas suffer flooding 
at this time.  
However, in the whole of Peninsular Malaysia, the 
northeast monsoon is the major rainy season which develops 
in conjunction with cold air outbreaks from Siberia. It 
produces heavy rains which often cause severe floods in the 
east coast states of Terengganu, Kelantan, Pahang and east 
Johor in Peninsular Malaysia [10]-[19]. 
The aquifer in the study area is mostly covered with 
Indogangetic alluvium and is somehow deep. They are 
tapped mostly by private devices such as tube wells, pump 
sets rahats and the rest which are found mostly in the rural 
areas for their domestics used as well as for irrigation 
purposes. Some places have shallow aquifer ranges from 20 
to 30 meters, which easy to dig for private purposes. But, for 
the state were dogs up to 100 to 130 meters. The 
groundwater fluctuation varies from place to place, usually 
0.2 to 0.8 meters between the pre-monsoon to post-monsoon 
season. 
B. Model Design and Sensitivity 
Estimation of parameters is subject to a degree of 
uncertainty which is associated with the conceptual model, 
data and parameters for to be observed [20]. Uncertainty 
estimation is dealt with calibration and estimation 
procedures and may be affected by uncertainty due to 
weakness in determining the exact parameter either by 
inadequate or inappropriate spatial and temporal distribution 
of the observed data and boundary conditions. 
C. Chaturvedi Formula 
Based on the water level fluctuations and rainfall amounts 
in India (Ganga Yamuna), Chaturvedi derived an empirical 
relation in 1936 to arrive at the recharge as a function of 
annual precipitation. 
 
R = 2.0 (P − 15).               (1) 
 
where R = net recharge due to precipitation during the year 
in inch and P = annual precipitation in inch. This formula 
was later modified by further work at U.P Irrigation 
Research Institute as  
 
R = 1.35 (P − 14).              (2) 
 
It is now used for estimation of groundwater recharge due 
to rainfall worldwide According to this relation, it may be 
noted that there is a lower limit of the rainfall below which 
the recharge due to rainfall is zero. Therefore, the percentage 
of rainfall recharge will be from zero at P = 14 inches to 
18% at P = 28 inches and can also decrease. In this formula, 
the lower limit account for the runoff, soil moisture deficit, 
interception and evaporation losses. This is also applicable 
to a certain limit of the study area, depending on the nature 
of the soil. 
D. Groundwater Balance Method 
The impact of man activities in the hydrologic cycle and 
the quantitative estimates of water resources is essential and 
can be done by water balance techniques. This water balance 
approach can be used to make a quantitative evaluation of 
water resources and its dynamic behavior under the 
influence of human activities. Water balance refers to the 
ways in which an organism maintains water in dry or hot 
conditions. The study of water balance is defined as the 
systematic presentation of data on the supply and use of 
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water within a geographical region for a specified period [1], 
[16]. The basic component of water balance is 
 
Input to the system - output from the system = Change in 
storage of the system over a period of time. 
 
The inflow and outflow component of the groundwater 
balance equation at a time ∆t is given by 
 
R+R+R+R+S+I = E+T+S+O+A          (3) 
 
where Ri = Recharge from field irrigation, Rc = Recharge 
from canal seepage, Rr = Recharge from rainfall, Rt = 
Recharge from tanks, Si = Influent seepage from the river, Ig 
= Inflow from another basin, Et = Evapotranspiration, Tp = 
Draft from groundwater, Se = Effluent seepage to rivers, Og = 
Outflow to other basin and ∆s = Change in groundwater 
storage. 
Equation (3) is a suitable method for groundwater balance 
estimation, especially in an unconfined aquifer where the 
boundaries of an area of the studies do not represent 
streamline. However, the lateral inflow and outflow (Ig and 
Og) of the groundwater crossing the area boundaries will be 
accounted in the balanced equation [20]. Also, specific yield 
Sy is one of the factors influencing the changes in the water 
table of the area in which fluctuation is occurring. It has 
been observed that Sy changes with the change in depth of 
the water table, especially in the shallow areas in which the 
water tables is less than 3 meters deep. In this area, when the 
water table drops, some part of it will be retained by the soil 
particles. When the water rises, the air can be trapped in the 
vicinity that is filling with water. However, Sy for rising 
water is generally less than that of falling water table. 
Wherever possible, all the elements of the water balance 
equation are computed using independent methods even 
though some errors most occur in due processes because of 
the shortcomings of the techniques used. The water balance 
equations mostly do not balance even if all the elements are 
computed using independent methods. The discrepancy of 
water balance is taken as a residual term of the water balance 
equation, and will be included in the estimation of the values 
of components which are not taken into account. However, 
obtained the impossible to compute the value of a balance 
component, the component may be evaluated as a residual 
term in the water balance equation. 
In the study area, water balance can be computed for any 
time interval because most of the rainfall occurs in a part of 
the year. It is desirable to conduct a water balance study of 
the monsoon period and no-monsoon period. In such 
situation, the study will be from time of maximum water 
table elevation to the time of minimum water table elevation 
as the non-monsoon period, and at the time for a maximum 
water table at the time of minimum water table elevation in a 
monsoon period as well. In Terengganu, Malaysia, the 
rainiest period can be taken from November to February and 
all the rest of months will be a moderate or partial rain. 
Therefore, it is preferable to use a complete data for a cycle 
covering from the wet and dry year. Equation (3) is very 
essential for covering both the area of study and the period 
for which the balance is assessed. 
In area like the study area in which the monsoon season 
come with heavy rainfall, the water balance approach is the 
most suitable method to be applied in assessing the water 
balance study and is preferable to compute the season 
separately (monsoon and non-monsoon season) by the 
following steps 
• Years must be divided into monsoon and non-monsoon   
period 
• The components of the water balance equation other 
than rainfall recharge for the monsoon period must be 
estimated using the available hydrological and 
meteorological data; and employing the subsequent 
methods for estimation 
• The rainfall recharge and recharge coefficient will be 
estimated and the estimates in (ii) above must be 
substituted in the water balance equation. Hence, this 
estimate with those given by other empirical relations 
will be compared. 
• For the non-monsoon period, all the components of the 
water balance equation, including the rainfall recharge 
which calculated using a recharge coefficient value 
obtained through the water balance of the monsoon 
season will be estimated. The rainfall recharge will be 
very small in this case. The balance between the left 
and the right sides of the equation will indicate that the 
overall recharge from all the sources of recharge and 
discharge has been quantified with a good degree of 
accuracy. 
III. RESULTS AND DISCUSSION 
When the rain fell on the ground and percolated into the 
soil, part of it will be used to fill the soil moisture deficiency 
and the remaining moves in the water table. The part of the 
rain infiltrates and reaches the water table is called recharge 
from rainfall to the aquifer. It depends upon hydro-
meteorological and topographic factors such as soil texture; 
depth to the water table, vegetation and urbanization [21]-
[23]. 
The groundwater balance for the study area was carried 
out season wise for monsoon (northeast monsoon), which 
occur in November and ends usually in March. For non-
monsoon (known as southwest monsoon) occurs between 
June to September. The data used to cover from 2000-2001 
to 2011-2012, and followed the essential steps by [24].  
The components of the groundwater balance equation 
with the exception of rainfall recharge were estimated using 
various hydrological and meteorological information and 
techniques. The rainfall recharge for monsoon seasons of 
these years of study was computed by substituting these 
estimates in the groundwater balance equation. Table I 
shows the rainfall recharge in the monsoon seasons of all the 
study year as well as the recharge coefficients. 
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 TABLE I 
GROUNDWATER RECHARGE FROM RAINFALL 
S/N Year Mean Rainfall in the Monsoon Season (Inch) 
Groundwater Recharge from 
Rainfall in the Monsoon Season (Inch) 
Recharge 
Coefficient 
1 2000-2001 50.559 10.609 0.210 
2 2001-2002 35.244 10.316 0.292 
3 2002-2003 45.841 10.010 0.218 
4 2003-2004 44.506 10.227 0.230 
5 2004-2005 41.801 10.113 0.242 
6 2005-2006 38.837 10.096 0.260 
7 2006-2007 33.227 10.109 0.304 
8 2007-2008 47.800 10.180 0.213 
9 2008-2009 37.339 10.244 0.274 
10 2009-2010 35.191 10.330 0.294 
11 2010-2011 31.803 9.837 0.309 
12 2011-2012 35.903 10.220 0.285 
 
 From the above table, it was observed that the recharge 
coefficient varied from 0.210 to 0.309 and was calculated as 
the ratio of recharge by rainfall against rainfall in the 
monsoon season (recharge/rainfall ratio). It is also indicated 
that rainfall gives almost equal recharge to the groundwater 
with a slightly different from the year 2000 to 2012 in 
Terengganu Malaysia. The recharge is not linearly 
proportional but most of the year with high rainfall have 
somehow high recharge. The years that have low recharge 
(2010-2011) also have lower rainfall. 
For non-monsoon seasons, unaccounted water were 
calculated using the relation as (inflow-outflow-change in 
groundwater storage). The discrepancy was found to be less 
than 90 million cubic meters in all the cases of the study area 
of area of 13,035km2 (5,033 sq. mi). The total population of  
 
 
 
  1,015,776 and the total quantity of water involved, 
where this is a reasonable unaccounted water. Therefore, the 
overall water balance has to be considered to avoid all errors 
[23]. 
The empirical relationship similar to Chaturvedi formula 
was derived by fitting the estimated values of rainfall 
recharge, and the corresponding values of rainfall in the 
monsoon season through the non-linear regression 
techniques [24]. 
 
R = 0.63 (P − 15.28)."#                (4) 
 
where $ = Groundwater recharge from rainfall in the 
monsoon season (inch) and P =  Mean rainfall in the 
monsoon season (inch). 
 TABLE III 
RELATIVE ERRORS WITH PROPOSED RELATIONSHIP 
S/N Year Mean Monsoon Rainfall P (inch) 
Rainfall Recharge During the Monsoon Season, R (inch) Relative 
Error (%) Groundwater Balance Study Proposed Relationship R = 0.63(P-15.28)0.76 
1 2000-01 50.559 10.609 9.450 10.925 
2 2001-02 35.244 10.316 6.131 40.568 
3 2002-03 45.841 10.010 8.474 15.345 
4 2003-04 44.506 10.227 8.191 19.908 
5 2004-05 41.801 10.113 7.608 24.770 
6 2005-06 38.837 10.096 6.951 31.151 
7 2006-07 33.227 10.109 5.654 44.070 
8 2007-08 47.800 10.180 8.883 12.741 
9 2008-09 37.339 10.244 9.867 3.680 
10 2009-10 35.191 10.330 6.119 40.765 
11 2010-11 31.803 9.837 5.310 46.020 
12 2011-12 35.903 10.220 6.284 38.513 
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TABLE IIIII 
RELATIVE ERRORS WITH CHATURVEDI FORMULA 
S/N Year 
Mean 
Monsoon 
Rainfall, 
P (inch) 
Rainfall Recharge 
from Groundwater 
Balance Study 
(inch) 
Chaturvedi Formula R = 2.0(P-
15)2/5 
Modified Chaturvedi Formula R = 
1.35(P-14)1/2 
Rainfall  
Recharge 
(inch) 
Relative 
Error 
(%) 
Rainfall 
Recharge 
(inch) 
Relative 
Error 
(%) 
1 2000-01 50.559 10.609 8.345 21.340 8.163 23.056 
2 2001-02 35.244 10.316 6.661 35.430 6.222 39.686 
3 2002-03 45.841 10.010 7.883 21.249 7.618 23.896 
4 2003-04 44.506 10.227 7.745 24.270 7.456 27.095 
5 2004-05 41.801 10.113 7.452 26.313 7.118 29.615 
6 2005-06 38.837 10.096 7.111 29.566 6.728 33.360 
7 2006-07 33.227 10.109 6.387 36.819 5.920 41.438 
8 2007-08 47.800 10.180 8.079 20.639 7.849 22.898 
9 2008-09 37.339 10.244 6.929 32.360 6.521 36.343 
10 2009-10 35.191 10.330 6.654 35.586 6.215 39.835 
11 2010-11 31.803 9.837 6.183 37.145 5.696 42.096 
12 2011-12 35.903 10.220 6.747 33.982 6.318 38.180 
 
 
The proposed relationship above explained the percentage 
of variance as 89.52%. The recharge of groundwater at P = 
15.28 inch shows that the lowest recharge was found to be 
5.310 in the year 2010-2011. Table II explained the relative 
errors (%) in the estimation of rainfall recharge from the 
proposed empirical relationship in comparison with the water 
balance study. Using this relation, it was found that the 
relative error values range from 3.680 to 46.020. But for the 
Chaturvedi formula (equation 1 and 2), the relative errors 
almost have the same values as the result above as indicated in 
Table III. 
IV. CONCLUSIONS 
The water balance approach is a good method for assessing 
the natural groundwater recharge from rainfall. In the present 
study, empirical relationship has been suggested for 
estimation of the groundwater recharge from rainfall with a 
reasonable accuracy. The result of the analysis was found to 
be reasonable and important as seen in the above paragraph. 
Therefore, for a quick assessment of natural groundwater 
recharge, the Equation 4 is more appropriate especially in a 
tropical monsoon region such as the Terengganu Malaysia. 
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